Continued interaction with the ICM, and subsequently the epiblast, is required to maintain proliferation of the Oct4 is a mammalian POU transcription factor extrophectoderm and produce a trophoblast stem cell pressed by early embryo cells and germ cells. We recompartment, the extraembryonic ectoderm (Gardner port that the activity of Oct4 is essential for the identity 
erately stained ( Figure 1A ). PCR genotyping of several In this paper, we demonstrate through the use of tarembryos after staining confirmed that this profile corregeted gene deletion that Oct4 has a pivotal function in sponded to wild-type, heterozygous, and homozygous the birth of the pluripotential ICM lineage. In addition, we mutant genotypes, respectively. Immunohistochemical show that Oct4-directed expression of FGF4 provides a staining established the absence of Oct4 protein in apparacrine signal that couples expansion of the extraemproaching one-quarter (7/32) of blastocysts from inbryonic trophoblast lineage with development of the tercross matings ( Figure 1B) Rosenfeld, 1997). The possibility that Oct4 null embryos deletion were fertile and transmitted the mutant allele were merely growth retarded was examined. Cell numto approximately 50% of their progeny. However, there bers in 3.5-day embryos were counted after differential was a total absence of homozygous Oct4-deficient pups labeling of outside and inside cells (Handyside and in 11 litters (89 pups) produced by heterozygous inHunter, 1984). The data presented in Figure 1D demontercross matings. Furthermore, homozygous embryos strate that 3.5-day mutant embryos have normal numcould not be found amongst 34 embryos genotyped at bers of cells in both populations. In light of this, we midgestation. Significantly, however, high numbers of examined the possibility that cleavage development resorption sites were detected at these and earlier might be sustained by maternal Oct4, which is abundant stages. Six females were sacrificed at 5.5 days after in oocytes (Rosner et al., 1990) . Nuclear localized Oct4 intercross mating for examination of conceptuses prior was detected from the 8-cell stage onward in all (37/37) to gastrulation. Sixty-one implantation sites were anaembryos from wild-type matings. In contrast, 5 of 27 lyzed. A total of 43 prestreak embryos were recovered. intercross 8-cell embryos and 3 of 12 intercross morulae The embryos were dissected free of maternal tissue and lacked detectable Oct4 protein ( Figure 1E ). Therefore, genotyped by PCR; 11 were wild type, 32 heterozygous, maternal Oct4 does not persist through cleavage in and none homozygous for the mutant Oct4 allele. The Oct4 Ϫ/Ϫ embryos, consistent with our previous obserremaining 18 implantation sites did not contain any disvation of decay by the late 2-cell stage in wild-type cernible yolk sac or embryonic structure. They consisted embryos (Palmieri et al., 1994) . Thus, both the initial of apparently normal decidual swellings with some trodistribution to outside (presumptive trophectoderm) and phoblast cells evident. No material could be recovered inside (presumptive ICM) compartments, and subsequent free of maternal tissue for reliable genotyping, but it is proliferation and cell survival to the mid-blastocyst highly likely that this high proportion of empty decidua stage proceed in the complete absence of Oct4. arise from implantations of Oct4 null embryos. In a paralThe preimplantation period was extended to deterlel analysis of heterozygote matings to wild-type sibmine whether the mutant embryos had any capacity lings, only one empty site was found amongst 54 imfor further development in vivo. Plugged females were plantations analyzed. The wild-type and heterozygous ovariectomized 2.5 days after copulation to prevent imembryos from these intercrosses were at the stage of plantation. Under these conditions, embryos mature to proamniotic cavity development and epithelialization of the expanded blastocyst stage and then enter developthe epiblast (Hogan et al., 1994) . Thus, the absence mental arrest (Robertson, 1987 isolated from nascent decidual swellings at 5.0-5.25 exhibited prominent rind and core structures characteristic of extraembryonic endoderm overlying epiblast days. From 51 implantation sites, 37 embryos were recovered prior to proamniotic cavity formation. These all ( Figure 2B ). All mutant embryos, in contrast, produced trophoblast cells only ( Figure 2C ). showed well-defined embryonic and abembryonic poles ( Figure 2A ). They were determined to be either wild type (18) 
or heterozygous (19). Eight implantations were
In Vitro Development of Oct4-Deficient Embryos The preceding observations suggested that there was empty. The remaining six contained small, unstructured fragments that lacked a discernible embryonic comparta specific defect in the viability or developmental potential of the ICM in mutant embryos. The developmental ment. These fragments were genotyped by PCR and in all cases were homozygous for the mutated allele. After status of mutant blastocysts was therefore examined further by in vitro culture experiments. Blastocysts were overnight culture, wild-type and heterozygous embryos Table 2 ). In contrast, homozygous Oct4-deficient embryos yielded the internal population of cells from 3.5-day embryos. Genotypes were determined by PCR analysis of the only trophoblast giant cells ( Figure 2E ). They did not trophectoderm lysate. The internal cell clumps were culthese vectors gave a comparable high frequency (Ͼ50%) of homologous recombinants as the ␤geo construct. In tured to determine their viability and developmental potential. Cultures from wild-type and heterozygous emheterozygous cells, this frequency was maintained, but recombination was always at the previously targeted bryos maintained a distinctive central clump of cells with a rind and core structure. In almost all cases they allele (Table 2) . When selection was applied for both markers, only random integrants were isolated. This was generated appreciable amounts of parietal endoderm and often also patches of visceral endoderm ( Figure 2F) . true regardless of the order in which the targeting constructs were introduced. CGR8 ES cells are derived from Cells from homozygous mutant embryos also survived in culture. However, an ICM-derived rind and core strucpure inbred strain 129OlaHsd mice, and the frequency of homologous recombination is expected to be identiture was not evident. Instead, the mutant cells flattened out on the substratum within 24 hr of attachment and cal at both alleles. We conclude that a functional Oct4 allele is likely to be indispensable for maintenance of invariably differentiated into trophoblast giant cells (Figure 2G) . They produced neither ICM-like growths nor the self-renewing undifferentiated ES cell phenotype. extraembryonic endoderm (Table 1A) 
FGF4 Does Not Restore ICM Pluripotency but Promotes Proliferation of Trophectoderm Precursors
Recombinant FGF4 was added to cultures of Oct4 mutant embryos. No effect was discernible on intact blastocysts (Table 1B) . Under these conditions, however, access of growth factor to the target cells inside the embryo may be restricted by the overlying trophecto- Figure 6B ). These cells did, however, the presence or absence of Oct4, Fgf4, and ␤-actin tranexpress H19 at high level ( Figure 6C ). This confirms that scripts in 3.5-day embryos from intercross matings. All they are not ICM cells and strongly suggests that they embryos contained ␤-actin mRNA, but Oct4 mRNA was are trophoblastic. In appearance, these growths resemabsent in 15 out of 60 (25%). vivo or in vitro. Interestingly, however, they appear to retain activity of the Oct4 promoter. ␤-galactosidase Discussion activity is evident in internal cells of homozygous mutant embryos at 3.5 days when it is already down-regulated The ICM is established at the first differentiation event in mammalian embryogenesis and is the precursor of all in trophectoderm ( Figure 1A ). This suggests that they 
